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INTRODUCTION 


In  land  treatment  of  liquid  waste,  N  is  applied  In  several  ionic  forms, 
such  as  NH^,  NO.,  and  organic  n/  The  relative  amounts  of  each  form  depend 
mainly  on  the  degree  and  type  of  pretreatment.  One  goal  of  land  treatment 
Is  to  optimize  N  removal  and  to  decrease  NO^  movement  Into  groundwater.  Since 
soil  has  a  high  affinity  for  NH^  It  Is  desirable  to  keep  the  applied  N  In 
the  NH^  form,  both  for  plant  uptake  and  to  slow  the  rate  of  NO^  formation. 

The  rate  of  wastewater  application,  and  consequently  the  cost  of 
renovating  wastewater.  Is  highly  dependent  on  the  amount  of  N  that  can  be 
applied  without  Increasing  the  level  of  NO^  In  groundwater.  A  high  level  of 
NO^  In  groundwater  Is  undesirable  because  of  Its  association  with  Infant 
methomogloblnemla  (blue-baby  syndrome)  and  open  water  eutrophication. 

The  behavior  of  N  in  land  treatment  Is  affected  by  numerous  physical, 
chemical  and  biological  processes  as  well  as  soil  environmental  conditions. 

With  this  Information,  mathematical  models  for  predicting  of  the  fate  of  N 
applied  In  land  treatment  have  been  recently  developed  and  are  being  tested 
(Iskandar  and  Selim  1978).  However,  testing  these  models  requires  field 
data  on  the  rate  of  transformation  of  N  species.  The  fact  that  In  land 
treatment  N  Is  repeatedly  applied  In  small  amounts  (most  often  weekly).  In 
contrast  to  normal  agricultural  fertilizing  practice,  should  make  significant 
differences  in  the  N  transformation  kinetics.  Also,  under  land  treatment 
the  soils  are  often  kept  wet  (near  or  above  field  capacity),  and  the  water 
flow  pattern,  as  well  as  the  N  transformation  processes,  will  vary  significantly 
from  those  under  agricultural  regimes.  These  differences  makes  It  difficult 
to  utilize  the  rate  constants  obtained  from  agricultural  N  experiments  with 
land  treatment  models. 

In  the  model  developed  recently  by  Selim  and  Iskandar  (in  press),  plant 
uptake  of  N  from  the  NH^  and  NO.  sources  was  assumed  to  be  a  function  of 
their  concentrations  in  the  soli  solution.  It  was  also  assumed  that  the 
plants  (forage  grasses)  had  no  preference  for  either  form  (S.  Barber, 
personal  communication).  Therefore,  to  utilize  such  models  It  is  necessary 
to  determine  the  validity  of  these  assumptions. 

The  objectives  of  this  field  study  were  I)  to  obtain  Information  on 
the  dynamics  of  wastewater  NH^  in  soils,  2)  to  determine  the  relative 
amounts  of  both  NH^  and  NO^  In  soils  during  a  one-week  cycle  of  wastewater 
application,  3)  to  assess  the  transport  of  NH.  and  NO^  In  soils  under  field 
conditions,  and  A)  to  evaluate  the  seasonal  effect  on  the  fate  of  wastewater 
NH^  applied  to  soils  in  a  slow  infiltration  mode. 

EXPERIMENTAL  DESIGN  AND  ANALYTICAL  PROCEDURES 

The  study  was  conducted  at  the  CRREL  land  treatment  facilities  In 
Hanover,  New  Hampshire.  Two  outdoor  plots  (test  cells)  were  used,  each  8.4 
m  square  and  1.5  m  deep,  constructed  of  concrete,  and  filled  with  soils  to 
their  field  bulk  density  In  1973.  For  detailed  Information  on  the  construction 
and  performance  of  the  plots,  the  reader  should  consult  Iskandar  et  al. 

*Each  reference  to  NH^  and  NO^  in  this  report  Implies  NH^  and  NO^.  . 
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(1976).  One  cell  contained  Windsor  sandy  loam  soil  and  the  other  Charlton 
silt  loam  soil.  A  mixture  of  reed  canarygrass  (Phalaris  arundinacea  L.), 
timothy  (Phleum  pratense  L.  var.  "Climax"),  and  smooth  bromegrass  (Bromus 
Inermis  Leyss.  var.  "Lincoln")  was  seeded  on  21  May  1973.  However,  during 
the  course  of  the  present  study  (summer  and  fall  1978)  quackgrass  (Agropyron 
repens  L.)  was  predominant  and  Kentucky  bluegrass  (Poa  pratensis  L.)  and 
reed  canarygrass  were  present  in  lesser  quantities. 

Domestic  wastewater  was  applied  to  the  plots  in  variable  amounts  by 
spray  irrigation  during  the  period  1973  to  1976  (Jenkins  et  al.  1978).  The 
application  rates  were  7.5  cm/wk  from  1976  to  1977  and  5  cm/wk  during  the 
course  of  the  present  study.  The  5-cm  applications  were  made  once  per  week 
over  a  6-hr  period  and  commenced  on  16  May  1978.  Table  1  shows  selected 
analyses  of  the  wastewater  used. 

Table  1.  Analysis  of  applied  wastewater  for  selected  parameters. 
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Figure  1. 


Test  plot  showing  the  location  of  randomly  selected  soil  cores. 


Each  of  the  two  plots  was  subdivided  into  64  1-m  subplots  for  sampling 
(Fig.  1)  with  the  spray  head  at  the  center  of  the  grid. 

The  present  study  was  conducted  in  June-July  1978  and  was  repeated  in 
October  1978  to  investigate  the  seasonal  effect  on  the  fate  of  applied 
wastewater  NH^.  During  June  and  July,  two  soil  cores  from  randomly  selected 
subplots  were  collected  from  test  cells  3  and  4  on  14  days  of  a  16-day  period 
(19-26,  28-30  June  and  2-4  July).  Each  1-m  subplot  was  visually  subdivided 
into  four  equal  areas  for  core  sampling  (Fig.  1).  Soil  cores  were  only 
collected  from  the  sprayed  areas.  The  soil  cores  were  divided  into  five 
depth  intervals  (0-2.5,  2. 5-7. 5,  7.5-15,  15-30  and  30-60  cm)  and  were  air- 
dried  immediately  after  collection.  In  October  1978,  soil  cores  were  taken 
only  from  the  0-7.5-cm  depth  except  on  the  third  and  tenth  days  when  samples 
were  collected  down  to  60  cm.  Soil  samples  (5  g)  were  analyzed  for  soluble 
and  exchangeable  NH^-N  and  NO^-N  by  direct  distillation  and  titration  using 
the  semi-micro  steam  distillation  method  (Bremmer  and  Keeney  1966). 
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Secondary  wastewater  was  applied  on  days  1,8  and  16.  In  all  cases, 
wastewater  was  applied  immediately  after  collection  of  the  soil  samples 
designated  for  that  day. 

Statistical  analyses  were  conducted  with  two  Dartmouth  Time  Sharing 
System  (DTSS)  library  programs:  ANOVAR***  for  analysis  of  variance  and 
CELLMEAN***  for  determination  of  the  means  and  standard  deviations.  Missing 
data  were  calculated  using  the  Yates  method  (Steel  and  Torrie  1966)  considering 
day  and  depth  simultaneously,  or  were  estimated  as  a  mean  of  all  values  at 
that  depth  if  the  Yates  method  produced  a  negative  value. 

RESULTS  AND  DISCUSSION 

June-July  Samples 

Tables  2-5  show  the  concentration  (meq-N/100  g  soil)  of  NH^  and  N0_ 
for  the  Windsor  sandy  loam  (test  cell  3)  and  the  Charlton  silty  loam  (test 
cell  4).  As  anticipated,  the  concentration  of  NH^  was  high  in  the  topsoil 
and  decreased  with  depth.  In  general,  higher  concentrations  of  NH,-N 
than  of  NO,-N  were  found  in  both  soils  during  the  study  period.  This  was 
particularly  true  in  the  top  30  cm  and  could  be  attributed  to  several 
reasons,  including  1)  most  of  the  N  in  the  applied  wastewater  (>80%)  is 
in  the  NH.  form,  2)  wastewater  is  applied  weekly  (5  cm/wk),  and  3)  most  of 
the  nitrified  N  is  taken  up  by  plants  (sink)  or  leached  to  a  lower  depth. 

Unexpected,  relatively  high  values  of  NH^-N  were  found  deeper  in  the 
profiles,  at  30-60  cm,  in  both  soils.  The  maximum  concentration  was  ^0.30 
and  £0.07  meq/100  g  soil  in  the  Windsor  sandy  loam  and  the  Charlton  silty 
loam,  respectively.  This  could  be  due  either  to  movement  of  wastewater  NH^ 
during  the  present  study  or  to  movement  of  NH^  from  previous  applications 
during  late  fall  and  early  spring.  Movement  of  NH^-N  in  soil  solution  to 
depths  of  150  cm  in  the  same  soils  has  been  reported  (Iskandar  et  al.  1976, 
Jenkins  et  al.  1978)  and  was  related  to  soil  type,  amounts  of  NH^  and 
wastewater  applied,  and  length  of  time  of  wastewater  application  during  the 
nongrowing  ceason. 

Figures  2-4  show  the  changes  in  NH^-N  and  NO^-N  (mean  of  four  analyses 
for  each  depth)  at  various  depths  with  time  in  the  Windsor  and  Charlton 
soils,  respectively.  The  variation  in  NO^  with  time  was  much 
less  than  ..he  variation  in  NH^.  The  highest  concentration  of  NH^  was  in 
the  top  15  cm.  Concentrations  of  NO^  in  the  soil  were  low,  as  expected, 
because  of  leaching  and  plant  uptake. 


Table  6  summarizes  the  analyses  of  variance  for  NH,  and  NO^  in  the 
Windsor  and  Charlton  soils  as  related  to  the  effect  of  depth  D,  day  of 
sampling  T,  soils  S,  variability  among  cores  C,  and  analytical  errors  E. 
Since  the  selection  of  soil  core  location  was  random  with  no  correlation  of 
cores  from  day  to  day,  the  effect  of  core  location  should  be  negligible. 
Therefore,  the  full  factorial  model  was  modified  to  Include  the  core  effect 
by  combining  all  the  core  Interaction  terms  (C  =  C  +  DC  +  TC  +  SC  +  DTC  + 
DSC  +  TSC  +  DTSC). 

The  analyses  showed  that  the  variation  between  cores  (the  term  C')  at 
the  same  depth,  soil,  and  day  was  significantly  greater  than  the  analytical 
error  E,  which  was  determined  by  replicate  chemical  analyses  of  the  same 
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Table  3.  Concentration  of  NO^'N  (meq/100  g  soil)  in  Windsor  soil  CTest  Cell  3),  July  1978. 

Soil  depth,  cm 
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Table  5.  Concentration  of  NO  -N  (meq/100  g  soil)  in  Charlton  soil  (Test  Cell  4),  July  1978. 
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Soil  core  #1,  top  line  for  each  day  and  depth  +  Missing  value  calculated  by  Yates  method  (Steel  and 

Soil  core  #2,  bottom  line  for  each  day  and  depth  and  Torrie  1960,  p.  139) 

Second  column  at  each  depth  represents  replicate 
determinations 


Figure  4.  Changes  in  NH^-  and  NO^-N 
concentrations  at  0-25-cm  depth  in 
Windsor  and  Charlton  soils  over  16 
days  in  July  1978. 


core.  Since  none  of  the  interactions  of  depth  x  time,  depth  x  soil,  or 
depth  X  time  x  soil  were  significant,  the  data  does  not  need  to  be  treated 
separately  by  soil  type,  time,  or  depth  for  further  analysis  of  variance. 

Each  effect  is  independent  of  the  others.  The  effect  of  depth  was  highly 
significant  (0.1%  level)  for  both  soils  and  constant  over  time.  The  effect 
of  soil  type  was  found  to  be  significant  on  the  NH,  distribution  (2.5%  level) 
and  highly  significant  on  the  NO-  distribution  (0.1%  level).  The  NH,  and 
NO^  levels  were  significantly  higher  in  the  Charlton  silt  loam  than  In  the 
Windsor  sandy  loam.  The  effect  of  time  was  uncertain,  appearing  significant 
for  the  NO^  distribution  but  not  for  the  NH^  distribution.  This  may  be  due 
to  reappllcatlon  of  wastewater  in  the  middle  of  the  experiment  (the  8th 
day).  This  means  that  the  statistical  analysis  should  also  have  been  done 
on  a  weekly,  rather  than  on  a  16-day,  basis. 

Since  some  samples  were  not  collected  during  the  second  week,  the  data 
were  arranged  into  two  weeks  of  5  days  where  week  1  consisted  of  days  3,  4, 

5,  7  and  8  and  week  2  consisted  of  days  10,  11,  12,  14  and  15.  (Days  3  and 
10  were  two  days  after  application.)  The  variables  examined  in  this  case 
were  depth,  day,  week  and  soil.  The  analysis  of  variance  (Table  7)  indicated 
again  that  depth  was  highly  significant  (0. 1%  level)  for  both  the  NH,- 
and  the  N0--N  values,  while  soil  was  significant  (5%  level)  for  the  NH^- 
values  and'^highly  significant  (0.1%  level)  for  the  N0--N  values.  Day  and 
week  again  were  not  significant  for  the  NH^  values  but  day  was  highly 
significant  (0.1%  level)  for  the  N0--N  values,  while  week  was  not  significant. 
An  examination  of  Figures  2  and  3  indicates  that  the  variation  with  day  of 
the  week  is  random  and  that  there  is  no  trend  with  time. 

Figure  5  shows  the  depth  distribution  of  the  mean  concentration  of 
NH,-  and  N0--N  in  the  Windsor  and  Charlton  soils.  At  any  depth,  the 
concentration  of  NH^-N  was  much  higher  than  that  of  NO^-N.  In  the  top  15 
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Table  6.  Analysis  of  Variance,  NH,-  and  NO.-N  in  Windsor  and 
Charlton  soils  during  July  197d.  (Effect  of  soil  type  on  the 
concentration  of  NH, -  and  NO,,-N.) 


NH^-N 

NO^-N 

Factor 

D.F.* 

Mean  square 

F 

S.L.+ 

(%) 

Mean  square 

F 

S.L. 

(%) 

Depth  (D) 

4 

1.7040xl0~* 

16.45 

0.  1 

1.7516xl0“^ 

53.29 

0.  1 

Day  (T) 

13 

9. 1298xl0~^ 

0.88 

MS 

7.8495x10"'^ 

2.39 

1.0 

Soil  (S) 

1 

6.0291x10"^ 

5.82 

2.5 

1.7950x10"^ 

54.61 

0.1 

DT 

52 

8.9486x10“^ 

0.86 

NS 

3.3192x10”^ 

1.01 

NS 

DS 

4 

2.8152xl0~^ 

0.27 

NS 

4.028x10"^ 

1.22 

NS 

TS 

13 

1.1512xlO~^ 

1.11 

NS 

4.0219x10"^ 

1.22 

NS 

DTS 

52 

1.0847x10“^ 

1.05 

NS 

3.  3659x10"'^ 

1.02 

NS 

Core**  (C') 

140 

1.0356x10"^ 

151.01 

0. 1 

3.2869x10"^ 

8.67 

0.  1 

Analytical 
error  (E) 

260 

6.8580x10“^ 

259“^ 

3.7894x10"^ 

*  Degrees  of  freedom 
^  Significance  Level 

**  Core  is  the  sum  of  C  +  DC  +  TC  +  SC  +  DTC  +  DSC  +  TSC  +  DTSC 
After  subtracting  one  D.F.  for  each  calculated  missing  value 

ConctMrolion  (•!••«  N/IOO9  Soil) 


Figure  5.  Depth  distribution 
and  NO--N  concentration  in  Windsor 
and  Charlton  soils  in  July  1978. 


Table  7.  Analysis  of  variance,  NH,-  and  NO.-N  In  Windsor  and 
Charlton  soils  during  July  1978.  (Effect  of  day  when  arranged 
In  weeks. ) 


NH^-N 

NO 

3-*' 

Factor 

D.F.* 

Mean  square 

F 

S.L.+ 

(X) 

Mean  square 

F 

S.L. 

(X) 

Depth  (D) 

4 

1.2999x10“^ 

9.28 

0.1 

1.20A2xl0'^ 

37. A1 

0.1 

Day  (T) 

A 

7.A0A0xl0*^ 

0.53 

NS 

1.9301x10'^ 

5.5A 

0.1 

Week  (W) 

1 

5. 5079x10“^ 

0.39 

NS 

l.AAAOxlo"^ 

O.OA 

NS 

Soil  (S) 

1 

6.5826x10“^ 

A.  70 

5.0 

1.5690x10"^ 

A5.00 

0.1 

DT 

16 

1.0661x10“^ 

0.76 

NS 

3.0A63xl0"^ 

0.87 

NS 

DU 

A 

8.9318x10"^ 

0.6A 

NS 

A. 7593x10"^ 

1.36 

NS 

TW 

A 

9.A822xl0"^ 

0.68 

NS 

3.5029x10'^ 

1.00 

NS 

DS 

A 

8.5560x10"^ 

0.61 

NS 

2.3102x10''^ 

0.66 

NS 

TS 

A 

1.0567x10“^ 

0.75 

NS 

5.5129x10"^ 

1.58 

NS 

US 

1 

1.2A09xl0''^ 

0.89 

NS 

1.5252x10’^ 

O.AA 

NS 

DTW 

16 

A.A261xl0”^ 

1.02 

NS 

A. 0632x10"^ 

1.16 

NS 

DTS 

16 

1.0785x10"^ 

0.77 

NS 

A.A522xl0”^ 

1.28 

NS 

DUS 

A 

5.9579x10"^ 

0.A2 

NS 

A.llA3cl0‘^ 

1.18 

NS 

TWS 

A 

1.9309xl0~^ 

1.38 

NS 

A.  10A2xl0”^ 

1.18 

NS 

DTWS 

16 

1.8620x10*^ 

1.33 

NS 

A.  3068x10"^ 

1.2A 

NS 

Core  (C j 

100 

l.AOllxlo"^ 

180. 16 

0.1 

3.A86Azl0~^ 

9.81 

0. 1 

Analytical 
error  (E) 

190 

188 

7.7771x10"^ 

- 

- 

3.5538x10"^ 

. 

*  Degrees  of  freedom 
^  Significance  Level 

**  Core  is  the  sum  of  C  +  DC  +  TC  +  WC  +  SC  +  DTC  +  DWC  +  TWC  +  DSC  +  TSC  + 
WSC  +  DTWC  +  DTSC  DWSC  +  TWSC  +  DTWSC 

After  subtracting  one  D.F.  for  each  calculated  missing  value 
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Table  8.  Means  and  standard  deviations  of  NH^-  and  NO^-N 
in  the  Windsor  and  Charlton  soils  during  July  1978. 


Depth,  cm 

NH,-N 

,  meq/100  g 

soil  NO^-N, 

meq/100  g  soil 

Mean 

S.D. 

Mean 

S.D. 

0.-2. 5 

0.  120 

0.172 

0.041 

0.023 

2. 5-7. 5 

0.060 

0.026 

0.036 

0.015 

7. 5-15 

0.054 

0.027 

0.028 

0.014 

15-30 

0.036 

0.029 

0.018 

0.010 

30-60 

0.017 

0.013 

0.010 

0.007 

cm  of  either  soil,  NH,-N  concentration  was  more  than  twice  that  of  N0_- 

N.  This  could  be  explained  by  the  leaching  of  NO^  and  the  sorption  or  NH^ 
by  soils.  As  expected,  there  was  a  much  higher  concentration  of  NH^-N  in 
the  surface  soil  than  in  the  subsoil  samples,  largely  due  to  higher  surface 
cation  exchange  capacity  (CEC)  in  the  former.  The  trend  with  depth  was  the 
same,  but  to  a  much  lesser  degree,  in  the  case  of  the  NO^-N  distribution. 

An  attempt  was  made  to  use  the  Freundlich  equation  to  relate  the  NH^- 
N  concentration  to  depth  in  each  soil  without  regard  to  time.  However,  the 
deviation  from  the  straight  line  regression  was  highly  significant  at  the 

O. 5Z  level. 

The  mean  NH^-N  concentrations  in  the  top  7.5  cm  of  the  Windsor  and 

Charlton  soils  during  the  16-day  study  in  July  1978  were  0.047  +  0.044  and 

0.068  +  0.012  meq-N/100  g  soil,  respectively.  The  mean  N0_-N  concentrations 

in  the  Windsor  and  Charlton  soils  were  0.021  +  0.014  and  0.032  +  0.021 

meq-N/100  g  soil,  respectively.  Table  8  shows  the  mean  and  standard 

deviation  of  the  NK,-  and  NO,-N  concentrations  in  both  soils  with  relation 
,  .  4  3 

to  depth. 

October  Samples 

Tables  9  and  10  display  the  NH,-N  and  NO^-N  concentrations  in  the  Windsor 
and  Charlton  soils  (test  cells  3  and  4,  respectively)  for  the  October  1978 
samples.  Figure  6  shows  the  mean  daily  NH^-  and  NO^-N  concentrations  in  the 
Windsor  and  Charlton  soils  (0-7.5  cm). 

Analysis  of  variance  (Table  11)  of  the  October  data  for  the  0-7.5-cm 
depth  showed  that  the  soil  type  has  a  highly  significant  effect  on  the 
NO^-N  concentration  (0.1%  level)  but  not  on  the  NH,-N  concentration.  This 
is  similar  to  the  results  in  July  where  soil  was  highly  significant  (0.1%  level) 
for  the  NO^  values  and  significant  at  the  2.5%  level  for  the  NH^  values. 

The  mean  concentrations  of  NH^-N  for  cores  of  the  0-7.5-cm  depth  in  the 
Windsor  and  Charlton  soils  were  0.021  +  0.010  and  0.031  +  0.022  meq-N/100 
g  soil  respectively;  the  July  values  for  the  same  soil  and  depth  were 
0.067  +  0.018  and  0.094  +  0.055  meq/100  g  soil.  The  October  values  are 
less  than  half  of  the  July  values.  This  may  be  due  to  higher  uptake  ol  NH^ 
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Table  9.  Concentration  of  NH^-N  (meq/100  g  soil)  in  Windsor  and 
Charlton  soils  during  October  1978.  (Day  1  2A  October  1978.) 


Day 

TEST* 

CELL 

0-7. 

A 

5cm 

B 

7.5- 

A 

15cm 

B 

15- 

A 

30cm 

B 

30- 

A 

60cm 

B 

1 

W 

0.0317 

0.0266 

c 

0.0408 

0.0334 

2 

w 

0.0200 

0.0233 

c 

0.0610 

0.0624 

3 

w 

0.0402 

0.0134 

0.0138 

0.0152 

0.0101 

0.0122 

0.0006 

0.0058 

c 

0.0569 

0.0904 

0.0138 

0.0134 

0.0111 

0.0103 

0.0043 

0.0085 

4 

u 

0.0138 

0.0258 

c 

0.0406 

0.0476 

5 

w 

0.0227 

0.0266 

c 

0.0179 

0.0274 

6 

w 

0.0371 

0.0237 

c 

0.0251 

0.0338 

7 

w 

0.0039 

0.0078 

c 

0.0016 

0.0185 

8 

u 

0.0529 

0.0377 

c 

0.0284 

0.0169 

9 

w 

0.0068 

0.0216 

c 

0.0140 

0.0142 

10 

w 

0.0212 

0.0080 

0.0124 

0.0130 

0.0047 

0.097 

0.0017 

0.0072 

c 

0.0194 

0.0249 

0.0225 

0.0247 

0.0142 

0.0099 

0.0107 

0.0082 

11 

w 

0.0235 

0.0216 

c 

0.0171 

0.0206 

12 

w 

0.0142 

0.0169 

c 

0.0015 

0.0138 

13 

w 

0.0288 

0.0115 

c 

0.0130 

0.0165 

14 

w 

0.0305 

0.0350 

c 

0.0150 

0.0206 

15 

w 

0.0171 

0.0185 

c 

0.0130 

0.0237 

16 

w 

0.0233 

0.0330 

c 

0.0134 

0.0216 

W  ■  Windsor  sandy  loam  (Test  Cell  3) 
C  ■  Charlton  silt  loam  (Test  Cell  4) 


Table  10.  Concentration  of  NO.-N  (meq/100  g  soil)  in  Windsor  and 
Charlton  soils  during  October  1978.  (Day  1  ■  24  October  1978.) 


DAY 

TEST* 

CELL 

> 

o 

1 

1 

5cm 

B 

7.5- 

A 

1 5cm 

B 

15- 

A 

30cm 

B 

30- 

A 

60cm 

B 

1 

W 

0.0173 

0.0245 

c 

0.0344 

0.0377 

2 

w 

0.0185 

0.0202 

c 

0.0344 

0. 0280 

3 

w 

0.0000 

0.0206 

0.0154 

0.0124 

0.0080 

0.0035 

0.0031 

0.0023 

c 

0.0408 

0.0577 

0.0037 

0.0150 

0.0000 

0.0047 

0.0000 

0.0000 

4 

w 

0.0284 

0.0241 

c 

0.0309 

0.0299 

5 

w 

0.0253 

0.0247 

c 

0.0185 

0.0299 

6 

w 

0.0183 

0.0157 

c 

0.0208 

0.0371 

7 

w 

0.0105 

0.0268 

c 

0.0128 

0.0274 

8 

w 

0.0264 

0.0575 

c 

0.0154 

0.0379 

9 

w 

0.0274 

0.0185 

c 

0.0235 

0.0358 

10 

w 

0.0253 

0.0136 

0.0060 

0.0144 

0.0049 

0.0043 

0.0089 

0.0080 

c 

0.0363 

0.0309 

0.0115 

0.0140 

0.0084 

0.0025 

0.0052 

0.0078 

11 

w 

0.0194 

0.0212 

c 

0.0354 

0.0264 

12 

w 

0.0206 

0.0262 

c 

0.0293 

0.0641 

1  3 

w 

0. 0237 

0. 0146 

c 

0.0210 

0.0264 

14 

w 

0.0200 

0.0264 

c 

0.0313 

0.0264 

15 

w 

0.0152 

0.0121 

c 

0.0179 

0.0290 

16 

w 

0.0237 

0.020 

c 

0.0218 

0.0346 

U  •  Windsor  "sandy  loam  (Test  Cell  3) 
C  “  Charlton  silt  loam  (Test  Cell  4) 
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Figure  6.  Mean  dally  NH,~ 
and  NO_-N  concentration  in 
Windsor  and  Charlton  soils 
at  0-7.5  cm  depth  in  July 
1978. 


Table  11.  Analysis  of  variance,  NH^-  and  NO^-N  in 
0-7.5-cm  Windsor  and  Charlton  soils  during 
October  1978. 


NH^~N  NO3-N 


Factor 

D.F.* 

Mean  square 

F 

S.L.+ 

(%) 

Mean  square 

F 

S.L. 

(X) 

Day  (D) 

15 

4.861 

1.44 

NS 

0.826 

0.98 

NS 

Soil  (S) 

1 

3.032 

0.90 

NS 

13.764 

16.31 

0.1** 

DS 

15 

3.365 

4.91 

0. 1** 

1.330 

1.58 

NS 

Analytical 
error  (E) 

32 

0.686 

- 

- 

0.844 

- 

- 

*  Degrees  of  freedom 
+  Significance  level 

**  Highly  significant 
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by  plant  roots  which  are  more  established  at  the  end  of  the  growth  season. 


A  lower  mineralization  rate  during  October  as  compared  to  July,  because 
of  the  temperature  effect,  may  also  contribute  to  the  lower  concentrations 
of  NH^  in  October.  The  mean  concentrations  of  the  NO--N  from  the  two  soils 
at  the  same  depths  in  October  were  0.020  +  0.007  and  0.031  +  0.009  for  the 
Windsor  and  Charlton  soils,  respectively.  The  July  NO^-N  values  are  similar 
to  those  obtained  for  October.  The  mean  concentration  in  the  Windsor  soil 
was  0.033  +  0.008  and  the  mean  concentration  in  the  Charlton  soil  was 
0.050  +  0.011  meq-N/100  g  soil. 

Effect  of  Season  (Temperature)  on  the  Distribution  of  and  NO^ 


f  f> 


LI 


Figures  6  and  7  show  the  mean  NH,-  and  NO  -N  concentrations  for  the 
two  soils  during  October  and  July  1978.  Only  the  data  for  the  0-7.5- 
cm  layer  is  presented  since  the  maximum  temperature  effect  as  well  as  the 
maximum  NH^  level  is  to  be  found  In  this  surface  layer.  In  general,  much 
higher  concentrations  of  NH^-N  were  present  in  the  July  samples  than  in  the 
October  samples.  The  mean  concentration  for  the  0-7.5-cm  depth  in  July, 
without  regard  to  soil  type,  was  0.081  +  0.042  and  in  October  was  0.026  + 
0.018  meq-N/100  g  soil.  The  average  temperature  in  July  in  the  Hanover 
area  was  20.6°C  and  in  October  was  6.8“C.  It  was  expected  that  the  higher 
mean  temperature  in  July  would  be  associated  with  a  greater  nitrification 
rate  and  faster  disappearance  of  NH^.  High  residual  N  from  root  decay  an*^ 
accumulation  of  NH^  applied  late  in  the  previous  season  are  thought  to  bt 
the  reasons  for  the  higher  NH^  concentration  in  the  surface  layers  in 
July.  With  the  exception  of  the  first  three  days  in  October  for  the  Charlton 
soil  (Fig.  6),  the  concentration  of  NH^-N  in  both  soils  during  the  October 
sampling  was  less  variable  than  in  July.  Analysis  of  variance  (Table  12) 


o0243 


Figure  7.  Mean  dally  NH^-  and  NO  -N 
concentration  In  Windsor  and  Charlton 
soils  at  0-7.5  cm  depth  in  October 
1978. 
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Table  12.  Analysis  of  variance,  NH^-  and  NO^-N  in  0-7.5-cid 
Windsor  and  Charlton  soils  during  July  and  October  1978. 


NH^-N  NOj-N 


Factor 

D.F.* 

Mean  square 

F 

S.L+. 

(%) 

Mean  square 

F 

S.L. 

(%) 

Soils  (S) 

1 

6.3012x10"^ 

1.92 

NS 

3.4492x10"^ 

11.17 

5.0 

Day  (T) 

4 

1.7464x10"^ 

<1 

NS 

3.7042x10“^ 

1.20 

NS 

Week  (W) 

1 

1.2800x10“^ 

<1 

NS 

5.2531x10"^ 

<1 

NS 

Month  (M) 

1 

6.0808x10“^ 

18.48 

2.5** 

3.4152x10'^ 

11.06 

5.0 

ST 

4 

1.3708x10“^ 

<1 

NS 

7.8389x10“^ 

<1 

NS 

SW 

1 

2.4436x10"^ 

<1 

NS 

3.0012x10"^ 

<1 

NS 

TW 

4 

1.7042x10“^ 

<1 

NS 

5.2533x10“^ 

1.43 

NS 

SM 

1 

1.2688x10*^ 

<1 

NS 

9.0951x10“ 

<1 

NS 

TM 

4 

1.4426x10“^ 

<1 

NS 

1.2928x10“ 

<1 

NS 

WM 

1 

3.8948x10“^ 

1.18 

NS 

4.6561x10“^ 

<1 

NS 

STW 

4 

3.5908x10“^ 

1.09 

NS 

7.6357x10"^ 

2.08 

NS 

STM 

4 

1.9291xl0“^ 

<1 

NS 

3.0880x10”^ 

8.43 

0. 1** 

SWM 

1 

5.5112xl0“^ 

1.67 

NS 

1.2980xl0"^ 

3.54 

NS 

TWM 

4 

8.3941x10"^ 

<1 

NS 

5.0532x10'^ 

1.38 

NS 

STWM 

4 

3.2909x10“^ 

61.42 

0. 1** 

4.0774x10“^ 

1.11 

NS 

Analytical 
error  (E) 

40 

5.3582x10"^ 

3.6650x10“^ 

*  Degrees  of  freedom 
+  Significance  Level 
**  Highly  significant 

showed  that  the  effect  of  the  month  (temperature)  on  the  NH^-N  concentration  is 
significant  (2.5%  level).  The  higher  NH^  values  in  the  July  samples  could 
be  due  to  a  higher  mineralization  rate  as  a  result  of  the  higher  temperature. 

The  variations  in  NO^  levels  with  time  (days  of  the  week  after  wastewater 
application)  were  much  less  than  for  NH^  (Fig.  6  and  7).  Again,  analysis 
of  variance  Indicated  that  the  month,  or  temperature,  was  a  significant 
factor  (5%  level).  The  NO-  concentration,  without  regard  to  soil  type,  was 
0.041  +  0.013  meq-N/100  g  soil  for  July  and  0.025  +  0.010  meq-N/100  g  soil 
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for  October.  Analysis  of  variance  also  showed  that  soil  type  has  a  significant 
effect  (5%  level)  on  the  surface  layer  NO^-N  concentration.  In  both  seasons 
(July  and  October),  NO^-N  concentrations  were  consistently  higher  in  the 
Charlton  silt  loam  than  in  the  Windsor  sandy  loam.  This  is  due  to  higher 
water  holding  capacity  and  a  lower  infiltration  rate  of  the  former  soil. 

There  was  no  significant  effect  of  the  week  or  the  day  of  the  week  on  NO.- 
N  concentration  in  the  surface  layer  of  both  soils.  ^ 

SUMMARY  AND  CONCLUSIONS 

This  study  shows  that  the  concentration  of  NO^-  and  NH,-N  in  soils 
irrigated  frequently  (weekly)  with  domestic  wastewater  seems  to  reach 
steady  state  conditions.  In  general,  there  was  no  significant  change  with 
time  in  the  NH,  concentration  in  surface  soils.  The  NH,-N  concentration 
decreased  with  soil  depth.  At  any  time  and  depth,  there  was  more  NH,  present 
than  NO^.  The  Charlton  silt  loam  contained  more  NH  and  NO  at  all  soil  depths 
than  the  Windsor  sandy  loam  although  this  difference  wasn' t "^always  significant 
for  the  NH^  values.  The  vertical  distribution  of  NH^  and  N0„  in  both 
soils,  however,  is  similar.  There  was  a  significant  seasonal  effect  (month) 
on  the  distribution  of  NH^-N  in  both  soils;  the  concentrations  of  NH^-N 
were  much  higher  during  the  warmer  month. 

With  a  few  exceptions,  there  were  no  significant  changes  in  soil  NO^- 
N  at  any  specified  depth  with  time.  As  with  the  NH,  distribution,  soil 
depth  was  found  to  be  the  most  significant  factor  affecting  NO^  distribution. 
The  concentration  of  NO.-N  was  high  at  the  surface  and  decreased  gradually 
with  depth.  The  high  NO^-N  concentration  at  the  surface  was  related  to  the 
presence  of  a  higher  concentration  of  NH^-N,  favorable  conditions  for  a 
higher  rate  of  nitrification,  and  greater  CEC  in  the  surface  soils  to 
retain  the  NH^.  Also,  NO^-N  concentrations  were  significantly  higher  in 
the  Charlton  silt  loam  than  in  the  Windsor  sandy  loam.  Temperature  was  a 
significant  factor  for  the  distribution  of  NO.-N  in  both  soils;  the  NO,- 
N  concentrations  were  higher  in  July  than  October. 
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